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NOVEL OLIGONUCLEOTimc PRIMERS FOR PHOSPHOTBDYL INOSITOL IN 
BACILLUS CERFMS AND A METHOD FOR THE DETECTION OF RiCILLUS 
CERKUS 

Field uf tbe invention 

The present invention relates to a novel oligonucleotide primer for phosphatidyl 
inositol in Bacillus cerevs. The present invention also relates to to a method for the detection 
of Bacillus aureus in food. 
Background of the invention 

Among the predominantly occurring food borne pathogenic bacteria, Bacillus cereus, 
an opportunistic pathogen has been found to ocfiur abundantly in Indian foods and also cause 
illnesses like diarrhoea and/or emesis (Rakh et al. 1988). The illness has been attributed to the 
presence of enterotoxkis and other toxins including haemolysins elaborated by strains of.fi. 
cereus. Conventionally, B. cereus is detected by its ability to grow on selective plating media 
containing egg yolk and inability to utilize mannitoi The isolates are further identified by 
morphological, cultural and biochemical characteristics. (Duguid, 1996), 

Advances made in detection methods have led to the use of polymerase chain reaction 
(HCR) for the specific detection of B. cereus. PCR protocols have been developed for the 
detection of B. cereus group of bacteria in pure culture systems and food samples using 
specific sets of primers. 

Reference is made to the work of SchraftS and Griffiths (1995), wherein primers for 
the cerenlysin AB gene (M 24149) of B. cereus was designed. The detection limit for B. 
cereus by PCR in aiuficially contaminated milk samples was 103 CFU/ml without 
enrichment of the milk. 

Reference is made to the works of Agata et al. (1995) and Mantynen and Liudatrom 
(1998), wherein primers for the BceT gene was designed and used to study the distribution of 
the toxin gene in clinical and food isolates of B. cereus. Only qualitative observations were 
made on this woik and no quantification has been reported. It was also postulated that the 
BceT gene could not be targeted to assess the enterotoxic potential of «. cereus strains. 

Reference is made to the work of Wang et al. (1997), wherein a universal protocol for 
PCR detection of h number of food bome pathogenic bacteria was devised using haemolysin 
as the target gene. Detection of toxin producing strains of 2?. cereus was accomplished using 
these prime* s, following overnight enrichment of various food samples in a laboratory growth 
medium. This work provides only qualitative information and quantification was not 
addressed, 
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Reference is made to the work of Hsieh et al. (1999), whciein oligonucleotide primers 
■were designed tor sphingomyelinase gene and used For the PCR based detection of strains of 
H. cereus group in food samples. These primers can dctcot 100 cells/gram of the food sample 
only after an cjuichmcrrt step for 8 hours indicating poor sensitivity 

Reference is made to the work of Yamada et al (1999) disclosin« spiked boiled rice 
sample with varying cell concentraiions of B. cereus. The rice sample was enriched in 
nutrient broth tor different time intervals. Nu amplification was observed with non-enriched 
food samples with a gyrasc D specific primers, even when the initial cell number was 2.4 x 
10* CFU of D. cereus per gram of hailed, rice. Detection. .of low numbers of B. cereus by PCR 
was possible only after 15 hours enrichment in nutrient broth. 

Reference is made, to the work of Tsen ct al. (2000), wherein primers were designed 
for Ins ribosomal RNA (Ribo Nucleic Acid) and used for PCR-based quantification of B. 
cereus spiked hi food samples. Target cells ranging from 1 to 9 CKU/g of food sample could 
be detected only after 8 houre enrichment in brain heart, infusion broth supplemented with 
glucose. 

Jn German Patents DE 19915141 and DE 1991514 the sequences refer to 16s 
ribosomal RNA (Ribo Nucleic Acid) and gyrasc B specific primers used for the detection of 
Bacillus cereus. 

Reference is made to the work of Schrafts and Griffiths (1995) and Herman et al 
(1995), wherein a metbnrl for the isolation of target DNA from milk samples was devised. 
This method was elaborate comprising multitude of stcpa using combination of enzymes, 
detergents and uuluum chromatography. The method also suffered from lack of sensitivity 
and could only detect 10 3 CFU/xnLJs. cereus by. K^RusiiJ^nrirn.ers for cereolysin AB gene. 

Reference is made to the work of Yamada et al. (.1999), whetein a protocol for the 
detection of B. cereus from boiled rice was described. The method included pre-enrichment 
step, two steps of filtration, followed by boiling, of the samples prior to use in PCR. It was 
repotted that at zcio hour, a moderately high count of 2.4 x 10 4 CM J of B. cereus per grain of 
boiled rice failed to yield any PCR amplified product. I ,ow numbers of B. cereus could only 
be detected after 15 hours of enrichment 

The drawback of all these methods have been non-specific detection of target 
organism i.e. B. cereus. lack of reproducibility, failure to detect all the isolates of B. cereus in 
a food system and lack of sensitiveness to detect low numbers of target organism. Besides, 
the methods arc cumbersome and procedures are lengthy. The problem of formation of spores 
by B. cereus group of organisms makes detection by PCR a difficult proposition. In most of 
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the methods a step at" enrichment in a suitable laboratory giuwLh medium is included which 
may take 8 to 15 hours of incubation fur building up of cell numbers which can result in 
target DNA fur use in PCR detection. 
Objects of the invention 

The main object of the present invention is to provide an improved method for the 
detection of Hacillus cereus in foods which obviates the drawbacks detailed above. 

Another object of the present invention is to use a primer designed for a conserved 
regiou of a specific gene in the target organism. 

Still another object of the present invention is to use the designed primer in detecting 
isolates which belong to B. cereus group. 

Yet another object of the present iiivenliou is to detect B. cereus in food systems 
directly by PCR. 

Still another object of the present invention is to use a simple and effective method fui 
the preparation of template DNA (Deoxyribo Nucleic Acid) of the organism diiecUy from the 
foods. 

Yet another object of the present invention is to use PCR conditions specific for the 
detection of target gene in the organism. 

Still another object of the present invention is to detect very low numbers of target 
organism in the food systems. 
Summary of the invention 

Accordingly, the present invention provides a novel oligonucleotide primer tor 
phospholidyl inositol in B.cereus said primer comprising 

PI - 1 (F) 5' AGTATGGGGAATGAG 3' 

PI - 2 (R.) 5' ACAATTTTt It 3CACGA 3' 

The present invention also relates to method for the detection of B. cereus in foods 
said method comprising using primers specific for phosphotidyl inositol gene in K cereus in 
a mixed microflora, said primers comprising 

PI - 1 (F) 5' AGTATGGGGAATGAG 3 ' 

PI - 2 (R) S* ACAA'n'TTClXACGA 3*. 

In onf! embodiment of the invention, the food matrices for detecting B. cereus in milk; 
and cooked rice. 

In another embodiment of the invention, template DNA from B. cereus in cooked fice 
is extracted using Triton X-100, 0.5 - 2%, boding at 96 - 100°C for 3 - 8 iuim and treatment 
with phenol : ehlorofhrm in the ratio of 22 : 21 - 2B . 27. 
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In another embodiment of the invention, the template DNA from D. cereus in milk is 
extracted using diethyl ether : chloroform in the ratio of 1:1 -1:3, urea l.s 3.5 M and 
sodium dodeeyl sulphate in a range of 0.5 - 2%. 

In a further embodiment of the invention, the PCR reaction mixture in a total volume 
of 25 ul comprises of Tris HCl 8 - 12 mM; KC1: 45 - wM; MgC] a : 0.5 - 3.0 IBM; gelatin: 
0.005 0.02%; individual deoxynucleoside triphosphates: 150 - 300 pM; each specify 
primer: 30 60 picomoies; Taq DNA polymerase: D S - 2 0 units and template DNA: 1 - 3 pi. 

In another embodiment of the invention, detection of B. cereus is effected by 
amplification profile of target gene from an initial denaiuiauon at 90 - 98°C for 2 - 8 min, 
amplification cycles of 28 - 40, each cycle with a denaturation at 90 - 98°C for 40 - 70 
seconds, annealing at 46 - 54°C for 40 - 80 acoonds and an extension at 68 - 76 U C for 45 - 75 
seconds and final extension at 68 - 76°C for 4-1.2 mm 

In another embodiment of the invention, analysis of Uic PCR product is done m 1.2 - 
1 8% agarose gel electrophoresis, visualization of the PCR product by staining with 0.5 (g/ml 
etbulium bromide and observation in.a.UV tramdlluminMor. 

In yet another embodiment of the invention, detection of minimum number of cells of 
27. cereus is done in a food matrix by PCR. 
Detailed description of the invention 

The present invontinn relates to an improved pCR method fui Hie detection of B. 
cereus in foods. The PCR method using Uie primers of the invention detects 1 to 106 cells of 
B. cereus directly in foods. Polymerase chain reaction method is used to selectively amplify 
phosphatidyl inositol gene in B. cereus. Milk and cooked rice samples were spiked with 
varying cell numbers of B. cereus ranging from 1 to 1,000,000. Protocols for exu action of 
template DNA from ft. cereus present in food matrix were standardized using detergents and 
organic solvents. The PCR leactiun mixture and amplification conditions were optimized for 
the specific amplification. Visualization of PCR products revealed that by the method 
followed, it is possible to detect cell numbers ranging. 1 ™™ I to 1,000,000 in milk and cooked 
rice samples. 

The primers of the invention directly detect Bacillus cereus in food systems by PCR 
This method can detect all the sliaiins of B. cereus. The method is rapid and sensitive making 
it pussible to detect even 1 cell in a food matrix overcoming any steps of enrichment. 

The following examples are given by way of illustrations of the present invention and 
therefore should not be construed to ti mit the scope if the present invention. 

4 



0/03/2081 1C-.50 01 11 G20 G8B5 



G N & A 



PAGC 



m 187/01 
EXAMPLE - 1 

Oligonucleotide primers for phosphatidyl inositol gene of B. cereus were designed 
based on ihe gene sequence (M 30809) using the software programme Primer 3.0 This primer 
set amplifies a 342 base pair (bp) fragment of the gene, the sequence of which is given below. 
Sterilization of media and other solutions was achieved by autoclaviiig for 20 mm at 12 IX, 
PI - 1 (Hj i>' ACr f ATQGGGAATGAG 3' 
PI - 2 (R) 5' ACAATTTTCCCACGA 3' 

Aliuuois in 100 ul of a native food isolate of B. cereus was inoculated into sterile lfl 
ml brain heart infusion (Bffi) broth and incubated for 18 h at 37°C in a shaker incubator with 
140 rpm. Cells were harvested by centrifugation at 10,000 rpm for 10 min at 4°C. The cells 
were suspended in 10 ml sterile 0 85% saline to get a cell cunceiui alion of 10 9 colony 
forming units per mttlilitre (CFU/ml). From iliis stock, serial dilutions in 9 ml sterile 0.85% 
saline were cauied out to achieve, cell conccntanfona. ranging, from 10* to 10 1 CFU/ml. The 
individual dilutions were used for spiking into milk samples. 

Twenty millilm-es of pasteurized milk was taken in a sterile screw capped tube of 25 x 
12S mm dimension, steamed for 30 min in a cooker without any pressure and cooled to 30°C. 
Tn individual 1.5 ml Sterile microcentrifuge lube, 0.4 ml of the cooled milk sample was mixed 
with 0.4 ml of 0.85% saline suspension of B. cereus to attain a final cell concentration, 
ranging from of 10 6 , ltf, 10 4 , 1Q\. 1Q 2 ,. 1.Q 1 and 10° CFTJ/raL To. each tube was added 0.25 ml 
each of diethyl ether and chloroform were added to the samples and vortexed for 30 seconds. 
The. samples were centrifuged at 10.000 rpm for 15 min at 25X. The aqueous phase was 
transferred to a fresh 1.5 ml sterile microcentrifuge tube and 0.5 ml of 6M urea and 0.1 ml of 
10% sodium dodecyl sulphate were added. The samples were incubated at 37 U C lor 211 min 
and then centrifuged 10,000 rpm for 15 min at 25°C, The supernatant was discarded and 0.1 
mi of 0.2N NaOH was added to the sample* and incubated at 37X for 10 min. DNA was 
precipitated by adding 1.0 ml of chilled absolute ethauol and 0.1 ml of 3M sodium acetate 
(pH 4.8) and holding iht samples at -20°C for 2 h- Samples were centrifuged at 10,000 rpm. 
foi 1 5 min at 4°C. The supernatant was discarded and excess salt in the DNA preparation was 
removed by adding 1.0 ml of chilled 70f/ o ethanol and c.fintriwging the samples at 10,000 rpm 
for 15 min at 4°C. The supernatant was discarded and the DNA pellet was ah -dried and 
resii spanded in 15 (I of Sterile ultrafiltered watei. 

Amplification was performed in a toLal reaction volume of 25 ul which contained 2 ul 
of the DNA uiepaiaiion from milk samples. The reaction mixture consisted of IX PGR buffer 
(lOmM Tris IIC1, pH 9.0, SO mM KCl, 1,5 mM MgCJs, 0.01% gelatin), 200 nM of each 
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deoxynucleostde triphosphate, 5U picomoles of each primer and 1.0 unit of Taq DNA 
polymerase; Template DNAS were initially denatured at 94°C for 5 min. Subsequently, a total 
Of 35 amplification cycles were carried out in a programmable thermocycler. Fanh cycle 
consisted of denaturation for 1 min at 94°C, primer annealing for 1 min at 50*C and 
extension for 1 min at 72 a C. The last cycle was followed by a final extension at 72°C for 8 
min, 

PC.R products were analysed by agarose gel electrophoresis. Aliquots of 10 ul PCR 
products were mixed with 2.0 ul of loading dye and loaded onto 1.5% agarose gel and 
subjected to electrophoresis fin 2 h at 120 volts in IX TAE buffer. Gel was stained with 
ethidium bromide (0.5 ug/ml), de-staincd with distilled water and examined on a UV 
transilltraunatoi. A 100 bp ladder was used as molecular size marker. The amplification 
profile in the gel was documented in a CCD-camera based Gel Documentation System. 

The specific amplicons nf 342 bp for phosphatidyl inositol were observed when PCR 
was performed with milk samples containing B. cereus cells ranging from 1 to 1,000,000. 
EXAMFJJE - II 

Oligonucleotide primers, for phosphatidyl inositol gene of R cesreus were designed 
based on the gene sequence (M 30809) using the software programme Primer 3 .0 This primer 
set amplifies a 342 base pair (bp) fragment of the gene, the sequence of which is given below. 
Sterilization of media and other solutions was achieved by autoclaving for 20 mm at 121°C. 

PI - 1 (F) 5' AGTATGGGGAATGAG 3' 

PI - 2 (R) 5' ACAATTTTCCCACGA 3' 

Aliquots in 100 ul of a native food isolate nf B. cereus was inoculated into sterile 10 
ml brain heart infusion (BHI) broth and incubated for 18 h at 37°C in a shaker incubator with 
140 rpm. Cells ware harvested by centrifugaiioii at 10,000 rpm for 10 min at A°C. The cells 
were suspended in 10 ml sterile 0,85% saline to get a cell concentration of 10* colony- 
forming units pei- millilitre (CFU/ml). From thie stock, serial dilutions in 9 ml sterile 0.85% 
saline were carried out to achieve eelL concentrations tanging from 10 s to 10 s CFU/ml. The 
individual dilutions were used thr spiking into cooked rice samples. 

Baw rice in 1 000 g quantity was taken, cleaned and washed with running tap water. 
Cleaned rice was mixed wilh water in 1 : 2 proportion, taken in a stainless steel container and 
steam cooked in a pressure cooker for 20 min. Cooked rice in KM) g aliquots were taken in 
individual aterile 500 ml glass beakers and whs spiked with 1.0 ml saline suspension of ft 
cereus to get a cell concentration of 10 7 CEU/g.and mixed uiriOuudy. 
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Spiked cooked rice samples in 11 g .aliquots was ihett added to 99 ml atcrile 0.85% 
saline taken in a 250 ml conical fla.sk, iuix,ed well and serial dilutions were prepared in sterile 
0.85% saline tu gel individual cell concentrations o£ \Q 6 y 10 3 r 10 4 , JO 2 , 10 x and 10° 
CFU/g. Aliquots of 1 nil of diluted gamples were transferred to a 1.5 iul sterile 
microcentrifuge tubes, The samples were centrifuged at 10,000 rum fui 5 min at 4°C. The 
pellet was washed thrice with 1.0 ml phosphate buffered saline of pH 7,4 and once with 1.0 
ml sterile uitrafUier water by cenlrifuBalion at 10,000 rpm for 5 min at A°C and discarding the 
washes. The pellet was. resuspended in a mixture containing 50 til sterile ultrafilfer water and 
450 ul sterile 1% Triton X-100. The samples were incubated in boiling water for 5 min, 0.5 . 
ml phenol : chloroform (25 : 24) was added to the sample, vortexed briefly and centrifuged at 
10,000 rpm for IS min at 4°C. The aqueous phase was transferred to a ficsh 1.5 ml sterile 
microcentrifuge tube and 0 5 ml chloroform was added to the sample, The samples were 
centrifuged at 10,000 rpm fin 15 uiin at 4°C and the aqueous phase was transferred to a fresh 
1.5 ml sterile micruccnuifugc tube. DNA was precipitated by adding 1.0 ml chilled absolute 
ethanol and 0.1 ml of 3M sodium acetate (pH 4.8) and mr.nhat.ing the samples at -20°C fur 2 
h. The samples were centrifuged at 10,000 rpm for 15 min at 4°C. Excess sail, in tlic DNA 
pellet was removed by adding 1.0 ml chilled 70% clhauol and cetitrituging the samples at 
10,000 rpm for 15 min at 4°C. The supernatant was discarded. The DNA pellet was air dried 
and dissolved in 15 ul ufsierueultrafilter water. 

Amplification was performed in a toted reaction volume of 25 i-d containing 2 Ml of the 
DNA piepaiaiion from milk samples. The reaction mixture consisted of IX PCR. buffer 
(lOroM Tris HC1, pH 9.0, 50 mM KC1, 1,5 mM MfiClj, U.U1% gelatin), 200 uM of each 
deoxynuclcoside triphosphate, 50 pieomoles of each primer and 1.0 unit uf Taq DNA 
polymerase. Template HN As were imtially. denatured at 94"C for 5 min. Subsequently, a total 
of 15 amplification cycles were carried out in a programmable tbermoeycler. Each cycle 
consisted of denaluiauon for 1 min at 94°C } primer annealing for 1 min at 50°C and 
extension for 1 min at 72°C. The last cycle was followed by a final extension at 72°C for 8 
min. 

PCR products were analysed by agarose gel electrophoresis. Aliquots of 10 ul PCR 
products were mixed with 2i) \i\ of loading dye and loaded uuLo 1.5% agarose gel and 
subjected to electrophoresis for 2 h at 120 volls iu IX TAJ3 buffer. Gel was stained with 
fimtdium bromide (0.5 fx/ml), dcsiaincd with distilled water and examined on a UV 
transilluminator: A 100 bp ladder was used as molecular si ™ marker. The amplification 
profile in the gel was documented in a CCD-camera based Gel Documentation System. 
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The specific amplicons of 342 bp for phosphatidyl inositol were observed when PCR. 
was performed with cooked rice samples containing D. cereus cells ranging from 1 1o 
1,000,000. 

The main advantages of the present invention are: 
1 . The designed phosphotidyl inositol primers is specific for the detection of B. cereus. 
1 In a mixed microflora, the designed primer set specifically detects B. cereus with no cross 
reactivity, 

3. A simple and effective protocol for extraction of template DNA for B. cerem present in a 
varied food matrix. 

4. Standardized PCK conditions for the detection of B. cereus present iu mUW and cooked 
rice. 

5. A rapid aud sensitive PGR. method which can detect event 1 cell of B. cereus in food 
system. 



